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Abstract 
The study is a first attempt to prepare bulk NiTi/NiTi shape memory alloy (SMA) laminates with a macroscopic heterogeneous 
composition by explosive welding and investigate their microstructures and martensitic transformation behaviors. After explosive weld-
ing, a perfect interfacial bonding between the two components and a reversible martensitic transformation are realized in the tandem. 
Results show achievement of a fine granular structure and the maximum value of microhardness near the welding interface because of 
the excessive cold plastic deformation and the high impact velocity during the explosive welding. Meanwhile, the effects of aging on the 
transformation of the welded tandem are investigated by differential scanning calorimeter (DSC) and subject to discussion. The trans-
formation temperatures of NiTi/NiTi SMAs increase with the rise of the aging temperature. The experimental results indicate the shape 
memory properties of NiTi/NiTi SMA fabricated by explosive welding can be improved by optimizing the aging technology. 
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1 Introduction* 
NiTi SMA is a new kind of functional material 
used in many fields, such as aviation and spaceflight, 
instruments and medical apparatus, etc. because of  
its unique shape memory effect (SME)[1] and pseu-
doelasticity (PE)[2,3], the maximum recoverable 
strain and stress, as well as excellent corrosion re-
sistance and the best biocompatibility[4-6]. However, 
successful application of any new material is not 
only dependent on its inherent characteristics, but 
also contingent upon the settling of problems of 
secondary operations (welding, machining, etc). As 
a branch of welding technology, joining is a key 
technique in exploring and popularizing the new 
material[7], but it is facing a lot of the difficulties in 
                                                 
*Corresponding author. Tel.: +86-10-89734055. 
E-mail address: lscui@cup.edu.cn 
Foundation item: National Natural Science Foundation of China 
(50471021) 
joining together two or more parts of the same ma-
terial or different materials. In order to join different 
metals together without losing their inherent proper-
ties, solid-state welding methods have been devel-
oped[8]. Explosive welding is a solid-state process in 
which controlled explosion forces are exerted to 
realize joining of two or more kinds of material to-
gether under a high pressure. This process is usually 
described as a cold technique characterized by none 
of external heat applied for promoting the bonding. 
However, high-localized temperature rise still al-
ways occurs at the welded interfaces. The combina-
tion of the pressure, heat and plastic flow inside the 
material produces an interface bond with a strength 
equal to or greater than that of the parent material. 
In the past decades, close attention has been paid to 
the effects of welding processes on microstructures 
and properties of the novel materials, using electron 
beam welding, laser welding, friction welding, 
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etc.[9-13]. Nevertheless, so far, few works have been 
made public as to joining of two bulk NiTi SMAs of 
different compositions. Moreover, a mature tech-
nology for joining bulk TiNi SMAs has yet to be 
developed. 
This work is a first attempt to join two NiTi 
plates of different compositions by explosive weld-
ing and to identify the microstructure, microhard-
ness and transformation behaviors of thus welded 
NiTi/NiTi. The study of effects of aging temperature 
on the transformation of the NiTi/NiTi SMA is also 
involved. 
2 Experimental Details 
Ni49Ti51(NiTi-1) and Ni48.6Ti51.4(NiTi-2) alloy 
sheets 1 mm thick were procured from the General 
Research Institute for Non-ferrous Metals, China. 
An experimental set-up of parallel arrangement was 
used for explosive welding as schematically shown 
in Fig.1. NiTi-1 was chosen as the overlay plate 
(flyer plate), while NiTi-2 the base plate. 
 
Fig.1  An experimental set-up of parallel arrangement for 
explosive welding. 
The microstructure characteristics of the 
welded material were analyzed with an optical mi-
croscope. The hardness measurement of the prod-
ucts was carried out using a HXS-1000A micro-
hardness tester. Each microhardness value was the 
average of three indentations. The phase composi-
tion was analyzed using the X-ray diffraction (XRD) 
method with CuKα radiation. The welded material 
was hot-rolled to 0.5 mm thick at 800 ℃ followed 
by an aging at different temperatures for 30 min 
each. DSC measurements were conducted using a 
NETZSCH DSC 204 Phoenix in argon atmosphere 
at a heating/cooling rate of 10 /℃ min. The DSC 
specimens were cut from the aged materials using a 
low speed diamond saw to avoid an extra deforma-
tion. 
3 Results and Discussion 
Bulk NiTi/NiTi alloys with macroscopic het-
erogeneous compositions were achieved by explo-
sive welding. The interface between the two NiTi 
components after explosive welding is shown in 
Fig.2, from which a perfect interfacial bonding be-
tween the two components is observed with the in-
terface in a quite straight form without any perceiv-
able metallurgical defects. A fine granular structure 
exists near the welding interface, while a coarse 
granular structure in the matrix. Obviously, the 
variation of the grain size may well be attributed to 
the excessive cold plastic deformation and high im-
pact velocity during the explosive welding. The 
high impact velocity on both flyer and base plates 
causes significant deformation of grains near the 
interface resulting in deformation hardening[14], 
which leads to the maximum microhardness value at 
the bonding interface as shown in Fig.3. 
 
Fig.2  A straight interface shown on an explosively welded 
NiTi/NiTi tandem. 
 
Fig.3  Microhardness graph of welded material before hot 
rolling. 
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Fig.4 shows a comparison of XRD patterns of 
the welded NiTi/NiTi tandem, where a multiphase 
structure of the obtained material is presented after 
explosive welding. The B19' martensite phase in-
tensity of NiTi-1 is stronger than that of NiTi-2, 
which may well be ascribed to the different compo-
sitions of NiTi-1 and NiTi-2. 
 
Fig.4  XRD pattern of the welded NiTi/NiTi tandem. 
The DSC charts of the NiTi/NiTi samples aged 
at different temperatures for 30 min each are shown 
in Fig.5(a) and 5(b), from which, the occurrence of 
a reverse transformation in the obtained material 
means retention of the reversible martensitic trans- 
 
Fig.5  DSC curves of NiTi-NiTi alloy by explosive welding 
as a function of aging temperature. (a) heating curves 
of NiTi/NiTi laminates; (b) cooling curves of NiTi/ 
NiTi laminates. 
formation in the tandem after explosive welding and 
hot rolling. Obviously, the two transformation peaks 
of the NiTi/NiTi alloys correspond to the transfor-
mation of NiTi-1 and NiTi-2, respectively. It can 
also be seen that the area of NiTi-1 endothermic or 
exothermic peak is different from that of NiTi-2, 
which could be assigned to the different thicknesses 
of NiTi-1 and NiTi-2 after explosive welding and 
hot rolling. The difference in thicknesses between 
NiTi-1 and NiTi-2 leads to a difference in martensite 
volumes which take part in the reversible marten-
sitic transformation. Fig.5 shows DSC curves of an 
explosive-welded NiTi-NiTi tandem after aging at 
different temperatures for 30 min each, from which 
the Ap temperatures of NiTi-1 and NiTi-2 increase 
linearly with the increase of aging temperature and 
reach the maximum at the temperature of 700 ℃ in 
the heating process. The same is true of the Mp tem-
peratures in the cooling process. 
The above mentioned experimental results in-
dicate that similar reversible transformation behav-
iors are in the possession of the NiTi/NiTi SMAs 
fabricated by explosive welding followed by an ag-
ing treatment. The effects of the aging temperature 
on the transformation temperature of explosively 
welded NiTi/NiTi SMAs might well be explained by 
the metastable equilibrium between the NiTi matrix 
and the Ti-rich Ti2Ni precipitates at different aging 
temperatures. Aging at different temperatures gives 
rise to variation of Ni contents in the NiTi matrix, 
which results in a significant difference in transfor-
mation temperatures. It is well known that Ni con-
tent of NiTi matrix strongly affects phase transfor-
mation temperatures, for example, a 0.1 at.% in-
crease in Ni content is able to lower the phase 
transformation temperature by about 20 ℃[15]. 
When the aging temperature increases, the solubility 
limitation of Ni and Ti in the matrix will increase 
and the Ti2Ni precipitates will partially dissolve into 
the NiTi matrix. As a consequence, the Ni content in 
the NiTi matrix decreases, which cause increasing 
of the peak temperatures (Ap and Mp), as shown in 
Fig.5(a) and 5(b). Furthermore, the dispersed Ti-rich 
Ti2Ni second-phase particles, formed in the NiTi 
 YAN Zhu et al. / Chinese Journal of Aeronautics 20 (2007) 168-171 · 171 · 
 
matrix during the welding process, act as obstacles 
making the transformation more difficult. In Fig.5, 
the widened transformation span, the relatively 
small slope and the relatively weak intensity of the 
thermal peaks on the DSC curves indicate the phase 
transformation in explosively welded NiTi/NiTi 
SMAs proceeding much more slowly and even 
ending in incompleteness. However, further work is 
required to investigate the microscopic details of 
phase transformation behaviors in NiTi/NiTi SMAs 
fabricated by explosive welding. 
4 Conclusions 
Two NiTi shape memory alloys with different 
chemical compositions and transformation tem-
peratures were successfully joined together by ex-
plosive welding, and so bulk NiTi/NiTi shape mem-
ory alloys with macroscopic heterogeneous 
compositions were obtained. Excellent weld is 
observed in the bonding interface of NiTi-1/NiTi-2 
alloys. After the explosion, a fine granular structure 
is formed and the maximum value of microhardness 
is reached near the welding interface. And also a 
perfect reversible martensitic transformation is 
found in the tandem after explosive welding. The 
peak temperature of the reverse martensitic 
transformation (Ap) and the peak temperature of the 
martensitic transformation (Mp) increase with the 
rise of the aging temperature. It is confirmed that 
explosive welding proves to be an effective method 
to fabricate chemical heterogeneous shape memory 
materials.  
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